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1	Introduction
RAN4#100-e agreed RAN4 defines the PDSCH CA demodulation requirements for HST scenario with 1) FDD 15kHz + FDD 15kHz, 2) FDD 15kHz + TDD 30kHz, and 3) TDD 30kHz + TDD 30KHz, but UE can skip FDD 15kHz + FDD 15kHz if the UE is capable of all three configurations as follows [1].
	SCS configurations and applicability rules for SCS configuration  
	Number of CA Duplex modes
	Number of required tests if UE supports all duplex modes

	3 (FDD 15+FDD 15, FDD 15+TDD 30, TDD 30+TDD 30)
	2 (FDD 15 + TDD 30; TDD 30 + TDD 30) 
If UE supports both FDD 15 kHz + TDD 30 kHz and FDD 15 kHz + FDD 15 kHz CA duplex modes, apply requirements only to the first one






In this contribution, we address the remaining open issues on PDSCH CA demodulation requirements for Rel-17 FR1 HST according to WF [1].
2	Discussion
2.1	Applicability rule between SFN and DPS
	Applicability rule for HST-SFN joint transmission scheme and DPS transmission scheme
· Option 1:  
· When UE declares the capability demodulationEnhancement-r16, UE need to pass HST-SFN JT for CA. UE can skip HST-DPS for CA 
· When UE does not declare the capability demodulationEnhancement-r16, UE need to pass HST-DPS for CA. UE can skip HST-SFN for CA. 
· Option 2: Distribute the HST CA test cases into different SCS combinations. it can be ensured that performance under both HST-SFN CA and HST-DPS CA are verified by this compromise way
	UE capability 
	Cases to be tested 

	demodulationEnhancement-r16 
	more than 1 SCS configurations 
	more than 1 CC can track 2 active TCI states 
	FDD 15 + TDD 30 
	and/or 
	TDD 30 + TDD 30 

	x 
	x 
	x 
	DPS 1a 
	or 
	DPS 1a 

	x 
	x 
	√ 
	DPS 1b 
	or 
	DPS 1b 

	x 
	√ 
	x 
	DPS 1a 
	and 
	DPS 1a 

	x 
	√ 
	√ 
	DPS 1b 
	and 
	DPS 1b 

	√ 
	x 
	x 
	SFN and DPS 1a 
	or 
	SFN and DPS 1a 

	√ 
	x 
	√ 
	SFN and DPS 1b 
	or 
	SFN and DPS 1b 

	√ 
	√ 
	x 
	SFN 
	and 
	DPS 1a 

	√ 
	√ 
	√ 
	SFN 
	and 
	DPS 1b 



How to handle a Rel-15/16 UE supporting normal HST-SFN and CA separately but not supporting normal HST-SFN CA defined in Rel-17? 
· Option 1:  
· Define UE capability for HST-SFN CA, such as demodulationEnhancementCA-r17 (This capability can be release independent from Rel-15), that is different from the capability of demodulationEnhancement-r16 for HST-SFN single carrier 
· The granularity is per band to allow UE to report the supporting HST-SFN CA in some bands 
· Other option is not precluded



In our understating, the open issues are:
1) How to ensure the HST-DPS performance in CA if UE is callable of HST-SFN advanced receiver in CA.
2) How to handle the UE capable of Rel-16 HST-SFN single carrier requirements but not capable of Rel-17 HST-SFN CA requirements. 
Some companies had concern for Option 1 because HST-DPS CA performance cannot be verified if the UE passes the HST-SFN CA requirements. Then Option 2 was proposed to address this issue. For example, if UE is capable of HSF-SFN advanced receiver for CA, this UE needs to pass HST-SFN CA for the duplex mode configuration FDD 15kHz + TDD 30kHz and HST-DPS CA for the duplex mode configuration TDD 30kHz + TDD 30kHz. We can understand the intention of Option 2, but we think it is too complex.
Since RAN4#100-e also agreed that HST-SFN/DPS CA requirements are defined for 3 duplex mode and SCS combinations, we propose the simplified applicability rules as shown in Table 1. This proposal is based on Option 1 except for the case TDD 30kHz + TDD 30kHz, where UE needs to pass HST-DPS CA tests even if UE is capable of HST-SFN advanced receiver considering Option 2. We have no strong view which SCS combinations applies the HST-DPS CA case; we are also fine to apply HST-DPS to the combination of FDD 15kHz + TDD 30kHz. 
[bookmark: _Ref85127331]Table 1	Applicable test case proposal for HST-SFN/DPS CA requirements. 
	
	UE is capable of demodulationEnhancement-r16
	UE is not capable of demodulationEnhancement-r16

	Test 1: FDD 15kHz + TDD 30kHz
	HST-SFN JT CA
	HST-DPS CA (Note 2)

	Test 2: FDD 15kHz + FDD 15kHz (Note 1)
	HST-SFN JT CA
	HST-DPS CA (Note 2)

	Test 3: TDD 30kHz + TDD 30kHz
	HST-DPS CA (Note 2)
	HST-DPS CA (Note 2)

	Note 1:	These scenarios are only tested for UEs which are not verified with Test 1.
Note 2:	Applicability of HST-DPS 1a or HST-DPS 1b depends on UE capability of the supported maximum number of TRS resource sets per CC which the UE can track simultaneously (maxSimultaneousResourceSetsPerCC).  



Proposal 1: Use the applicability rule in Table 1 between HST-SFN JT CA and HST-DPS CA. 
Regarding the case Rel-15/16 UE supporting normal HST-SFN and CA separately but not supporting normal HST-SFN CA, this may happen even in the current deployment, because the demodulationEnhancement-r16 is per-UE capability. If UE reports it is capable of demodulationEnhancement-r16 together with CA, gNB may interpret this UE can support the advanced receiver even with CA.
In LTE, similarly, RAN4 has defined the PDSCH single carrier demodulation requirements for HST-SFN, and it is applicable for the UE capable of highSpeedEnhancedDemodulationFlag. In the later release, RAN4 defined the PDSCH demodulation requirements for HST-SFN in CA, but RAN4 did not introduce additional capability. 
We therefore think the existing UE capability demodulationEnhancement is sufficient to indicate whether the UE is capable of HST-SFN advanced receiver or not, and it is up to UE implementation/declaration in which condition/scenario it reports to the network, including CA. 
Proposal 2: RAN4 does not need to define additional UE capability for HST-SFN advanced receiver supporting CA. 
2.2	Applicability between single carrier and CA
	· Option 1： 
· UE skip single carrier test case if it explicitly passes corresponding CA test case 
· If UE pass the HST-SFN JT requirements for CA, UE can skip HST-SFN JT requirements for single carrier defined in Rel-16.  
· FFS: UE need to pass Rel-16 HST-DPS single carrier test according to the capability of active TCI state handling 
· UE need to pass Rel-16 FDD HST single tap test. 
· UE can skip Rel-16 TDD and Rel-15 HST single tap test. 
· If UE pass the HST-DPS requirements for CA, UE can skip HST-DPS requirements for single carrier defined in Rel-16. 
· FFS: UE don’t need to pass Rel-16 HST-SFN JT single carrier test if UE does not have the capability demodulationEnhancement-r16 
· FFS: UE need to pass Rel-16 HST-SFN JT single carrier test if UE have the capability demodulationEnhancement-r16 
· UE need to pass Rel-16 FDD HST single tap test. 
· UE can skip Rel-16 TDD and Rel-15 HST single tap tests. 
· Other options are not precluded 
· Option 1 is baseline assumption.



According to our proposals 1 and 2, we propose to define the following applicability rules between Rel-17 PDSCH demodulation requirements for HST CA and Rel-15/16 PDSCH demodulation requirements for HST single carrier.
Proposal 3: Define the following applicability rules for HST-SFN JT and HST-DPS requirements for CA. 
· If UE passes the Rel-17 HST-SFN JT requirements for CA (at least one of duplex mode and SCS combination), UE can skip HST-SFN JT requirements for single carrier defined in Rel-16.  
· UE needs to pass Rel-16 FDD HST single tap test. 
· UE can skip Rel-16 TDD and Rel-15 HST single tap test. 
· If UE passes the Rel-17 HST-DPS requirements for CA (at least one of duplex mode and SCS combination), UE can skip HST-DPS requirements for single carrier defined in Rel-16. 
· If UE has the capability demodulationEnhancement-r16 and UE does not pass the Rel-17 HST-SFN JT requirements for CA, UE needs to pass Rel-16 HST-SFN JT single carrier test. If not, UE can skip Rel-16 HST-SFN JT single carrier test.
· UE needs to pass Rel-16 FDD HST single tap test. 
· UE can skip Rel-16 TDD and Rel-15 HST single tap tests. 

3	Summary
Proposal 1: Use the following applicability rule between HST-SFN JT CA and HST-DPS CA. 
	
	UE is capable of demodulationEnhancement-r16
	UE is not capable of demodulationEnhancement-r16

	Test 1: FDD 15kHz + TDD 30kHz
	HST-SFN JT CA
	HST-DPS CA (Note 2)

	Test 2: FDD 15kHz + FDD 15kHz (Note 1)
	HST-SFN JT CA
	HST-DPS CA (Note 2)

	Test 3: TDD 30kHz + TDD 30kHz
	HST-DPS CA (Note 2)
	HST-DPS CA (Note 2)

	Note 1:	These scenarios are only tested for UEs which are not verified with Test 1.
Note 2:	Applicability of HST-DPS 1a or HST-DPS 1b depends on UE capability of the supported maximum number of TRS resource sets per CC which the UE can track simultaneously (maxSimultaneousResourceSetsPerCC).  



Proposal 2: RAN4 does not need to define additional UE capability for HST-SFN advanced receiver supporting CA. 
Proposal 3: Define the following applicability rules for HST-SFN JT and HST-DPS requirements for CA. 
· If UE passes the Rel-17 HST-SFN JT requirements for CA (at least one of duplex mode and SCS combination), UE can skip HST-SFN JT requirements for single carrier defined in Rel-16.  
· UE needs to pass Rel-16 FDD HST single tap test. 
· UE can skip Rel-16 TDD and Rel-15 HST single tap test. 
· If UE passes the Rel-17 HST-DPS requirements for CA (at least one of duplex mode and SCS combination), UE can skip HST-DPS requirements for single carrier defined in Rel-16. 
· If UE has the capability demodulationEnhancement-r16 and UE does not pass the Rel-17 HST-SFN JT requirements for CA, UE needs to pass Rel-16 HST-SFN JT single carrier test. If not, UE can skip Rel-16 HST-SFN JT single carrier test.
· UE needs to pass Rel-16 FDD HST single tap test. 
· UE can skip Rel-16 TDD and Rel-15 HST single tap tests. 
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